This study evaluates soil erosion/attrition as a major food security and rural livelihoods risk in South Africa, with the Upper and Lower Areas of Didimana, Eastern Cape Province, as a case study. The survey research method was adopted for the study. Farmers and extension officers' behaviours relating to soil erosion control was negative even though the impact of erosion in the area was high. Approximately 75% of farmers indicated that they lose more than 21% of their crops yearly due to erosion and 55% said their crops and livestock, as well as their household feeding, suffer due to the problem. The results of the multiple linear regression analysis indicate that farm yield and farmers' access to market are positively related to farmers' adoption tendencies regarding erosion control, implying that farmers are more willing to adopt recommendations if their yields and access to market can increase. Similarly, age of farmers is positively related with erosion impact, indicating that older people have a higher tendency to cause erosion in the study area. This is true, as the area consists more of older people, who are generally known to resist change, thus low in adoption. Therefore, it is perceived that if farmers manage soil erosion appropriately, they will achieve higher yields. More so, pull factors like improved rural infrastructures and adequate agricultural incentives for youths are suggested to lure more youth in taking into farming in the study area.
Introduction
Although soil erosion/attrition (Note 1) is one of the main themes in environmental studies, an unresolved question is whether its relevance is accorded due place in agriculture and related studies. This is of great concern because of all human activities; the agriculture sector is affected the most by erosion (Note 2). It is considered the most conspicuous and widespread agent of soil/land degradation ever known (Lal, 2003 ; European Cooperation in Science and Technology [COST], 2008; Kumar & Ramachandra, 2003) . It is estimated that 1/6 of global soils has already been degraded by erosion due to water and wind, resulting in a reduced ability of society to produce sufficient food (agriculture) (COST, 2008) . The productive power of some lands (worldwide) has declined by half due to the effect of erosion and desertification (Eswaran, Lal, & Reich, 2001) . Annually, 75 billion tons of soils are lost from farm lands, and 12 million hectares of cropping land which means approximately 1% of the total area is no longer fit for farming, leading to the degradation of 38% of global cropland since World War II (Dahl, 2013) . Soil loss also leads to several other farm challenges, and as these problems increase, there comes a point at which the farm is abandoned (COST, 2008; Anthoni, 2000) . costly to remedy. One millimetre of soil, easily lost in one rain or wind storm, is so small that its loss goes unnoticed, yet this loss over a hectare of cropland can amount to 15 tons ha -1 (Pimentel, 2006) . This often neglected development, as small as it may seems, when considered critically, reveals a loss of colossal amount of soil materials (including soil nutrients) being washed away after every passing incidence of erosion. The inherent danger is that, replenishing soil loss under agricultural conditions requires approximately 20 years (Pimentel, 2006) . Soil attrition can be devastating to agricultural development and food security (Ighodaro, Lategan, & Yusuf, 2013) . It leads to productivity or overall farm yield losses, especially because of decreased fertility of the soil due to loss in soil nutrients. It diminishes the quality of soil through the loss of water, soil organic matter, nutrients, biota, and depth of soil, thus reducing the productivity of natural, agricultural and forest ecosystems (Pimentel & Kounang, 1998) . Further, eroded sediment contains a considerably higher measure of organic matter and nutrients than that of the topsoil from where it is derived (Young, 1989) .
Annual soil loss in South Africa is estimated at 100-400 million tons, nearly three tons for each hectare of land (Kumar & Ramachandra, 2003; Hoffman et al., 1999) . It has been estimated that it will take R1000 million to replace the soil nutrients carried out to sea by rivers in South Africa each year, with fertilizer (Kumar & Ramachandra, 2003) . Over 70% of the land surface of South Africa has been affected by varying degrees and types of soil erosion (Le Roux, Newby, & Sumner, 2007) . In fact, it is perceived that soil attrition is the principal, or largest, environmental problem in South Africa (Muliban, 2001) . Compounding the problem is the fact that soil formation rates in the country are thought to be about 30 times slower than rates of soil loss (Hoffman et al., 1999) . Thus, to attain food security and improvements in livelihoods, especially in the rural areas of South Africa, soil erosion is no doubt one of the agricultural problems that need to be addressed.
Background of the Study
The Eastern Cape Province, where this study consists, is rated as one of the three most degraded and poorest provinces in South Africa (Department of Environmental Affairs, Republic of South Africa [RSA], 2007; Bank, Minkley, & Kamman, 2010) . Therefore a study such as this in the area is very relevant, seeking amongst other things, to demonstrate that soil erosion is a major food security and rural livelihoods risk in South Africa, using the Upper and Lower Areas of Didimana in the Eastern Cape as a case study. It thus aims at providing answers to the following objectives: 1) To assess farmers' adoption behaviour in respect to the use of erosion control methods in the study area;
2) To assess agricultural extension officers' behaviour with respect to the use of erosion control methods in the study area; and 3) To evaluate the impact of erosion on food security and livelihoods of rural farmers in the study area.
An Overview of the Study Area
The area of study consists of Upper Didimana, Lower Didimana and Romanslaagte villages, respectively, located in Ward three of the Tsolwana Local Municipality in the Chris Hani District Municipality of the Eastern Cape Province of South Africa. These villages are less than three kilometres apart. The Chris Hani District Municipality is characterised by approximately 56.6% of people living in poverty and some experiencing high unemployment rate (Chris Hani District Municipality, 2010 . Nevertheless, livestock farming is said to be an important source of income for people.
In terms of its geology, the area is made up of rolling and undulating hilly to very steep areas within the valleys, and consists mostly of Beaufort sediments intruded by dolerite, and its altitude varies from 1280.2 m to 1463.0 m (District of Whittlesea, 1966) .
The climatic conditions of the study area vary from arid climate to very cold high veld climate and falls largely into two climatic zones (Tsolwan Local Municipality, 2010 . Further, its mean annual precipitation is between 301 ml and 600 ml and its average maximum temperature is 22.3 ºC and an average minimum of up to 8.9 ºC, respectively. The study area is said to have some of the most erodible soils in the entire region of Chris Hani District Municipality (Tsolwan Local Municipality, 2010/2011).
Research Methodology Procedure
The study adopted a survey research methodology using self administered questionnaires distributed to a total of 60 farmers through a one-on-one collection process. The random sampling technique was applied and data was collected through a joint effort of the researcher as well as the services of five other survey assistants, who speak the local dialect of respondents, and who also were well trained to understand the objective and intentions of the survey. The enumerators were well trained to employ specific protocol in order to establish rapport and encourage farmers to cooperate and give honest and unbiased answers (Mukarumbwa, 2009) . Further, the enumerators, apart from helping to overcome the problem of farmers' conservatism and reluctance to discuss matters, helped to ensure consistency and reliability in the data collection process.
Data collected were coded and analysed with the aid of SPSS statistical package version 20, and statistical techniques used include basic descriptive statistics (like frequencies, percentages, and means) and the multiple linear regression model. The descriptive statistics are first step, needed to determine the distribution of variables and to give a summary of large amounts of information (Annor-Frempong & Duvel, 2009) . However, to test for relationships (such as the understanding of the effect of independent variables, predictors, on the dependent, outcome, variables) which exist between variables, other higher statistical test are needed like the multiple linear regression model (Annor-Frempong & Duvel, 2009 ). The multiple linear regression models were adopted because all three dependent variables were linear in nature.
Conceptual Framework
The problem conceptualization can be defined as a mental or hypothetical construct which provides a scientific basis for purposeful and systematic probing into the causes of a problem and it offers a frame of reference from where extension problems are investigated (Duvel, 1991) . Table 1 is a mental construct which offers a concise understanding of the problem of this study, and thus provides a basis for questionnaire design and variables of analysis. How does extension behaviour impact on the product quality in study area?
How does extension behaviour impact on farming sustainability in study area?
How does extension behaviour impact on farming profitability in study area?
How does extension behaviour impact on access to food in study area?
How does extension behaviour impact on food availability in study area?
Impact of soil erosion in study area
How does soil erosion impact on farm yield in study area?
How does soil erosion impact on product quality in study area?
How does soil erosion impact on farming sustainability in study area?
How does soil erosion impact on farming profitability in study area?
How does soil erosion impact on access to food in study area?
How does soil erosion impact on food availability in study area?
The Multiple Linear Regression Modelling
The multiple linear regression model was adopted for the analysis of data. The multiple regression model is defined as a statistical technique that allows the user the opportunity to be able to predict the result of a dependent variable based on the scores of several other variables which are called the independent variables (Melusi, 2012) . The multiple linear regression models usually take the form of:
Where: y = Farmers' food security and livelihoods in study area after soil erosion impact; x = Exogenous input data of food security and farmers livelihoods (independent variables); α = Intercept of y; β = Partial regression coefficient; α and β= Parameters to be estimated; Ɛ = Stochastic error term.
jas.ccsenet.org Vol. 8, No. 8; 2016 Incorporating the demographic characters of farmers into the model, plus the food security and rural livelihoods variables chosen for the study, the expected equation is as represented in Equation 2,
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Where, A = Age of farmers; G = Gender; M = Marital status; E = Education level; Y= Yield; PQ = Product quality; S = Sustainability; P = Profitability; A = Accessibility; Av = Availability.
Description of Variables Used for the Study
Three dependent variables were adopted for the study against ten independent variables as indicated in the Table  2 . The first dependent variable was farmers' behaviour with respect to erosion control in the study area, which was measured in terms of how farmers utilized extension officers' advice or recommendations on erosion control. The second dependent variable was extension officers' behaviour with respect to erosion control, which was measured in terms of how often extension officers talked about the control of soil attritiion during times of their visit. The third dependent variable was impact of soil erosion, which was measured upon the percentage of farmers' crops perceived to be lost annually due to erosion impact as well as the impact of erosion on the farmer's livelihoods. 
Results and Discussion
The demographic characters of farmers, which are part of the independent variables in the study, impact on the mediating variables (perceptions, needs and knowledge of farmers) to create and determine farmers' behaviours and the eventual production efficiency or problems in an area (Duvel, 1991) . These are very important because they help to indicate behavioural patterns of respondents (Shaw & Constanzo, 1970) .
According to the findings of the study highlighted on Vol. 8, No. 8; 2016 5 farmers is approximately 57 years, revealing the problem of ageing phenomenon (Ighodaro, Lategan, & Yusuf, 2013 , citing Ayinde, 2011 . The indication of this is that farming decisions are left in the hands of older people who are more conservative in thinking, and tend to avoid more risk which is one great factor needed for any business success (Bembridge, 1991) . Similarly, the study area constitutes more males (53.3%) than females (46.7%), while 60% are married as compared to other marriage groups in the area.
As findings reveal, education level of farmers is poor in the area as only 5% of farmers' population barely exceeded grade 12, which is not quite different from education levels of rural people in the Eastern Cape. For example, a study done in Sheshegu community also in the Province show that only 6% barely exceeded grade 12 (Ighodaro, 2010) . This of course do not speak good concerning sound decision making regarding farming in the study area, as poverty and inadequate education were said to be two main factors which lead to poor farming decisions (Pender and Hazell, 2000) . The findings of this study show that 48.2% of the farmers have been in farming for less than ten years. This does not show much experience in the farming business as suggested by Barkai and Levhari (1973) and Pender and Hazell (2000) . Moreover, any learning that is associated with accumulation of experience, contributes to production (Pender & Hazell, 2000) . 
Farmers' Use of Extension Officers' Advices and Recommendations
The farmers' behaviours which relate to decisions taken with respect to use of extension advice or recommended soil management practices concerning erosion control in the study area were found negative as indicated on the Table 4 . The study shows that 41.7% of the farmers do not use extension advices, and a total of 36.7% use them inappropriately. Similarly, 58.3% of the farmers had a problem with using the recommended practices on soil management in their area. In fact, 25% said they never use them at all, 13.3% said they rarely use them, while 20% said they sometimes use them. The implication of these findings is that most farmers do not use extension advices neither recommended soil management practices regarding erosion control in their area. Of those who use them, there are still some who use them inappropriately. The problems normally encountered in agricultural settings are ultimately related to issues of non-adoption or inappropriate use of particular recommended practices (Duvel, 1991) . Source: Survey research (2012).
The above findings can be interpreted as inappropriate behaviour of farmers regarding the control of erosion problem in the study area, and an indication that soil erosion is not accorded proper place of relevance. Otherwise, appropriate recommended practices or advices by experts would have been given top priority.
Extension Officers' Perception on Soil Erosion
The behaviours of extension officers regarding soil attrition problem in the study area was measured in relation to their perception and efforts towards the control of soil attrition in the country. This is because, if extension officers' perception is in accord with farmers' perception on the level of the problem in study area, it will form part of their major themes during times of their visits. The idea is that the more extension officers' talk on controlling the problem, the less the problem would be in the study area, and vice versa.
However, as Table 5 indicates, over half of the population of farmers (58.3%) said extension agents never talk about soil erosion and its control during times of their visit, which is a reflection of poor behaviour with respect to the problem. This is because as glaring as the problem is in the study area, if soil erosion was given proper place of relevance, it ought to form part of extension major themes in the area. Notwithstanding the above, agricultural extension is the most important source of information to farmers in most African countries (Oladele & Tekena, 2010) . Further, agricultural extension plays significant roles in influencing farmers' adoption behaviours (Oladele & Tekena, 2010 Source: Survey research (2012).
Impact of Soil Erosion on Food Security and Rural Livelihoods
The level of crop loss in an area is a reflection of food security or insecurity, especially for rural areas. Nutrient deficient soils, which are one main impact of erosion, produce 15 to 30% lower crop yields than an un-eroded soil (Pimentel, 2006) . According to the findings of this study outlined on the Table 6 , 75% population of farmers confirmed that they lose well above 21% of crops every year due to erosion. This is a high reflection of food insecurity in the study area, because the level of crop loses is positively related with food security of an area. In support of this, Odendo, Obare, and Salasya (2010) emphasize that soil fertility degradation on smallholder farms (which is mostly caused by erosion) is reported as the primary biophysical root cause of food insecurity and poverty in sub-Saharan Africa, where most people live in rural areas and obtain their livelihoods from farming. Source: Survey research (2012).
According to farmers, the impact of erosion on farmers' crops and livestock (40%), as well as farmers' household feeding (15%) (factors of farmers' livelihood) were the major livelihood factors impacted the most by soil erosion in the study area (Table 7) . This is highly remarkable because the census data of 2002 indicates that the main land use of people in the Eastern Cape is sheep farming (Statistics South Africa, 2002) even though other livestock are also reared (Statistics South Africa, 2002) . The implication is that the main source of livelihood is severely threatened. Source: Survey research (2012).
Results of Variables' Relationship Using Regression Analysis

Farmers' Behaviour Regarding the Control of Soil Erosion
The yield of farmers was found to be positively related with farmers' adoption behaviours in the study area with a statistical significance of 0.021, at a p-value of 0.05 (5%), which is remarkable as indicated by the results on Table 8 . It agrees with findings of the descriptive statistics, as yield of farmers in the area was perceived low, hence also low adoption rate of recommended practices. The yield is supposed to be positively related with farmers' adoption behaviours because high yield is an indication of increased profit. It is expected that farmers will, in the adoption decision making process compare the advantages and appropriateness of different soil conservation technologies, based on the available resources at their disposal and their opportunity for profit (Tiwari et al., 2008) .
Similarly, food accessibility of farmers was found to be positively related with farmer's adoption behaviour with a statistical significance of 0.027, at a p-value of 0.05 (5%) significance level (Table 8 ). This also is remarkable because, as expected, the more accessible food is in the study area, the more economically and socially empowered farmers become. Therefore, they would like to adopt more soil management technologies to access more of the gains of improved production and social status. This is because, hunger is one of the socioeconomic factors which can lead to poverty and disease, and ultimately to food insecurity, as well as to slow economic growth of society. In fact, the Parliamentary Office of Science and Technology (2006) maintains that "hunger, poverty and disease are interlinked, with each contributing to the occurrence of the other two". The selling of crops which is one measure of accessibility in the area was found to be difficult and this contributed towards the low adoption rate of recommended practices.
Agricultural Extension Officers' Behaviour and Soil Erosion Control
According to results (Table 8) , extension behaviour with respect to erosion control was found to be negatively related with farm yield and profitability with a statistical significances of 0.043 (5% p-value) and 0.003 (1% p-value) levels of significance respectively. These are actually unexpected, which disagree with earlier literature findings on relationship of farm yield and profitability of farmers and effective extension service. As expected, the more farmers achieve higher yields and profitability, the more they accept extension messages and vice versa. For example, the rational choice theory propounds that every action is essentially 'rational' in nature, and that individuals calculate the likely costs and benefits of any action before deciding on them (Scott, 2000) . Further, the behaviour of farmers is motivated by the possibility of making gains (Barungi & Maonga, 2011) . Similarly, Roberts, English, and Larson (2002) maintain that the key to farmers' adoption of site-specific farming (and perhaps other technologies) is the profitability of the technology. This means that profitability propels adoption tendency. Supporting also, Muyanga and Jayne (2006) agree that there is a general view that extension services, if well designed and implemented, improve agricultural productivity (Muyanga & Jayne, 2006 ).
Although findings above are negative, there might be other factors responsible. One of them could be the problem of subsistence farming which exists in the study area, as is common with most developing rural communities. Most farmers only farm for extra food for the home, not for profit, and as such are not too concerned about the long term gains of adopting improved soil technologies and advises from extension officers. The descriptive statistics also reveal that most farmers are old and inadequately educated. It is a general belief that older and uneducated people or farmers (especially in rural areas) are more closed to change and very conservative, traditional and less innovative as such they may not be too concerned about extension services on soil erosion control (Bembridge, 1991; Ighodaro, 2010) .
Impact of Soil Erosion on Food Security
Based on results, soil erosion relates positively with the age of farmers with a statistical significance of 0.024, which is 5% significance level (Table 8) . This means erosion impact increases with age in the study area. In other words, the more of old people residing in the area, the more the problem of erosion. This result seems congruent with findings of the descriptive statistics of this study. According to findings, the study area consists more of older people; very few of the farmers use extension officers' advice on erosion control regularly; and even extension officers hardly talk about erosion control during their visits to the study area; as such, the problem of erosion is on the rise in the area.
According to the literature survey conducted, age as a factor in adoption decision-making can be positive or negative. For example, a study done in Burkina Faso indicates that age was found to influence adoption of sorghum positively (Bonabana-Wabbi, 2002) . However, it was also stated in the same study that age has been found to be either negatively correlated with adoption, or rather not significant in farmers' adoption decision making process. Note. ***: 1% significance level (P < 0.01); **: 5% significance level (P < 0.05); *: 10% significance level (P < 0.10).
Conclusion
Soil erosion is a major farming problem in any society, especially for the fact that food, which is chiefly grown on the soil, is the greatest human need. The literature review of this study indicated that, in South Africa, erosion affects over 70% of the land space, and the Eastern Cape which constitutes the study area is one of the three most degraded Provinces in the country. Therefore this should make soil attrition as it relates to food security and rural livelihoods a thing of great concern to all stakeholders. Nevertheless, the findings of this study are alarming. This is because as obvious as problems resulting from erosion (such as high crop losses and negative impact on farmers' crops and livestock, as well as their household feeding) are in the study area, farmers' and extension officers' (who are two key stakeholders with respect to agricultural improvement in rural communities) behaviours were found negative. Farmers do not adopt extension advices or recommended soil management practices, and the little percentage that do, use them arbitrarily or inappropriately. Notwithstanding the above, extension officers hardly talk about the problem and its control.
On a similar note, farmers' adoption behaviour regarding the control of erosion was positively related with farm yield and accessibility, indicating that if yield and accessibility can be increased, farmers will be willing to adopt extension recommendations for erosion control. Additionally, agricultural extension behaviour relates negatively with farm yield and profitability, which are unexpected. There is however certain factors that can be responsible for this. One of them could be the problem of subsistence farming which exists in the area, as is often the case in most developing rural areas. Moreover, erosion impact relates positively with age of farmers, indicating also that older people have a higher tendency to cause soil erosion. This is as supported in literature. Thus, old people often tend to be more conservative and resistive to change. They find it more difficult to adopt new innovations as such.
Therefore if the above behaviours of farmers and agricultural extension officers were allowed to continue, farming which is the chief source of food security and rural livelihoods in sub-Saharan Africa is at great risk.
Hence efforts need to be accelerated to overturn this trend. The following suggestions below strive to address this. Firstly, education should be improved, as level of education was found to be low in the area. Studies have indicated that education is one independent variable which impacts greatly on farmers' behaviour. This can be by mass education campaign or through adult education programmes. Similarly, since farm yield and accessibility increase adoption tendencies of farmers, efforts should be given to increase yield and accessibility. This can be by providing more incentives and soft loans for farmers and providing farmers with more access to lands for farming and better roads to their communities. Farmers can as well be assisted with a ready market to easily dispose their farm produce with no difficulty. In order to encourage younger people into farming, adequate infrastructural facilities should be ensured in rural areas of South Africa, to limit rural-urban drifts of young people, and motivate them to take up farming as a main source of livelihood.
Furthermore, efforts are needed by the government to train and retrain extension officers in practical and more modern ways of soil erosion control in rural communities. This is why the suggestion is that extension curriculums need to be reviewed, and properly tailored towards more practical erosion control programmes. Finally, to assist efficiency of extension practice, an independent monitoring body is recommended to monitor extension programmes and activities in rural areas.
